Visual Awareness: The Eye Fields Have It?  by O'Shea, Jacinta & Walsh, Vincent
Visual Awareness: The Eye Fields
Have It?
Jacinta O'Shea1 and Vincent Walsh2
Whether a stimulus is perceived is suggested to
depend on the amount or strength of the sensory
signal. This idea has received support from a recent
study which found that, when neural activation in the
frontal eye fields was boosted by magnetic stimula-
tion, the observers’ detection performance on a visual
task improved.
Gaining a grasp on the neural basis of conscious
awareness is the holy grail of many neuroscientists.
Despite the multiplicity of methods for measuring a per-
ceptual threshold, we still have little understanding of
the neural factors that determine whether a stimulus will
breach that threshold. One hypothesis is that the level
of neural activity induced by a stimulus determines
whether or not it will be perceived. In an elegant and
novel study, Grosbras and Paus [1] have recently tested
this proposal directly in human subjects.
In this study, the subjects were required to detect
the presence of a briefly presented target that was
subsequently masked (Figure 1). Grosbras and Paus
[1] designed their experiment by analogy with an earlier
microstimulation study [2] of ‘movement’ neurons in
the frontal eye field (FEF). Transcranial magnetic stim-
ulation (TMS) was applied over the FEF while subjects
performed the detection task. FEF neurons, located in
prefrontal cortex, play an important role in converting
the outcome of visual processing into eye movement
commands. FEF visual neurons respond to behav-
iourally relevant visual stimuli, and have been
described as computing a saliency representation of
targets for potential saccades. FEF movement neurons
fire before and during saccades, signalling whether
and when to make a saccade. The authors reasoned
that TMS could be used to raise the baseline level of
activation in FEF, thus increasing the likelihood that
subsequently presented peri-threshold targets would
be detected. A single pulse of TMS was thus applied
40 milliseconds prior to stimulus onset over either the
FEF or a control site in temporal cortex, and this was
sufficient to improve significantly subjects' detection
performance (d′).
Grosbras and Paus [1] found that, when TMS was
applied over the right FEF, the increase in d′ was sig-
nificant for targets presented in either the contralateral
or ipsilateral hemifield. TMS over the left FEF, however,
improved detection only for contralateral targets. This
hemispheric asymmetry complements similar findings
on the parietal cortex [3], suggesting that the right
hemisphere is dominant for visual stimulus processing
in both hemifields, whilst the left hemisphere is special-
ized for visual processing in the contralateral hemifield.
This study [1] is an important human analogue of
recording and stimulation work in the monkey that has
established a role for FEF neurons in visual target
detection. Using a similar behavioural task, Thompson
and Schall [4] measured the strength of signal in FEF
neurons under backward masking conditions. They
found that the baseline spike rate of FEF neurons was
elevated on trials in which the monkey subsequently
detected a target. The implication of this work is that the
state of activation or ‘readiness’ of the system matters
for target detection. The higher the state of pre-activa-
tion of those areas subserving detection, the more likely
a target will be detected when one is presented. Moore
and Fallah [2] tested this notion more directly by micros-
timulation of FEF movement neurons at a level sub-
threshold to that needed to elicit a saccade. After
boosting the baseline activation level of FEF neurons in
this way, they found there was a significant increase in
the monkeys’ sensitivity to luminance change. 
In an extension of this work, Moore and Armstrong
[6] applied subthreshold microstimulation to FEF move-
ment neurons, whilst simultaneously recording visual
responses in area V4. They found that microstimulation
of FEF boosted the response of a V4 neuron to a visual
stimulus in its receptive field. The spike firing enhance-
ment effect depended on how well the stimulus drove
the cell. A preferred stimulus enhanced V4 firing by
20%; non-preferred stimuli produced about half this
gain modulation. When there was no stimulus in the
receptive field, FEF stimulation did not affect firing in
V4. The authors concluded that FEF stimulation had
“activated a network that controls the gain of visually
driven signals”. This kind of circuit may underlie the
target detection enhancement produced by magnetic
stimulation of human FEF. Taken together with the find-
ings of Grosbras and Paus [1], these data make a con-
vincing case for a visual role of frontal eye field neurons
in perception.
Grosbras and Paus [1] make no claims about the
critical locus of their TMS effect. They cite both intra-
FEF computations and modulatory influences of FEF
on extrastriate cortex as equally viable routes to
perception: “the enhancement of visual awareness
might occur directly by changing activity in FEF
neuronal populations or indirectly via connections
between the FEF and other visual areas”. Other
studies have also shown that TMS of one area can
enhance performance related to functions of other
areas in the same [5] or opposite hemisphere [3].
An important caveat, however, is that the micro/mag-
netic stimulation analogy is limited. The key factor
underlying perceptual enhancement effects with
microstimulation is retinotopic overlap of receptive
fields. Stimulation of one area can enhance the
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response of another area to a stimulus when, but only
when, the receptive fields of the neurons in both areas
represent the same spatial location. With TMS, one
does not have this kind of spatial resolution. TMS
applies a global signal to a subpopulation of cells in the
targeted cortical area. In the case of the frontal eye
fields, a TMS signal will therefore activate many neurons
representing different regions of the visual field. This
means that, if there is more than one stimulus in the
visual array, TMS will affect both target and distractor
processing. As TMS cannot activate neurons with the
same retinotopic specificity as microelectrode stimula-
tion, the probability of facilitating perceptual processing
and visual task performance is low. Accordingly, the
behavioural effects of TMS are usually decremental, and
facilitations tend to be greeted with caution [7].
The assumption that TMS induces a global shift in
the activation state of an area seems to be endorsed by
Grosbras and Paus [1]. They reason that “if the back-
ground activity is moved closer to threshold, any
incoming signal can reach threshold more rapidly”, and
so “in this context, it is conceivable that a slight change
in the background activity can change the probability
that a sensory stimulus of a given energy enters con-
sciousness”. The problem here, however, is that TMS
shifts the activation level of both the signal and noise
distributions in FEF, making it difficult to see how a
selective enhancement can occur.
The key factor accounting for this enhancement in
the experiment of Grosbras and Paus [1] may be the
nature of the visual task. In their task, subjects were
presented with a single visual stimulus, the presence
of which they had to detect. Whilst the probability of
TMS reaching neurons that carry either signal or noise
is the same, the effect of stimulation may differ:
computationally relevant neurons may receive an
activation boost, whilst non-coding neurons may be
unaffected. Support for this interpretation comes from
microstimulation: Moore and Armstrong [6] found that
the effect of FEF microstimulation on V4 depended on
visual drive; when there was no visual stimulus in the
V4 neuron’s receptive field, stimulation did not change
its spike rate.
If TMS selectively affects neurons that are actively
coding for a stimulus, the only possible behavioural
outcome of boosting FEF activation in the task used by
Grosbras and Paus [1] is an increase in target detec-
tions. In a visual discrimination task, the scenario is dif-
ferent: in this case, FEF neurons carry a higher
information load, coding not only for the target (when
present), but also for each of the distractors. Critically,
successful performance in this kind of task depends
on the ability to discriminate targets from distractors.
If TMS boosts the activation of all visually driven cells,
then the effect of this is to reduce the ratio of signal
difference between hit and false alarm trials. This
makes discrimination harder, resulting in more errors.
Just as in the detection task used by Grosbras and
Paus [1], there is only one way for performance to go
— up, with an increase in hits — so in a discrimination
task the activation boost to targets and distractors
should make the task harder and performance worse.
This view would predict that, by adding a distractor to
the task, the TMS protocol used by Grosbras and Paus
[1] should reduce d′.
Grosbras and Paus [1] claim that their work yields
“new insights into the neural basis of visual aware-
ness”. One prima facie problem with this claim is that
the FEF is not considered a prime candidate substrate
for visual awareness. Work on blindsight [8] and parietal
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Figure 1. Frontal eye fields and the
experiment of Grosbras and Paus [1].
(A) The frontal eye fields (FEF) in the
macaque monkey brain are located in the
rostral arch of the arcuate sulcus
(Brodmann’s area 8). (B) The putative
human homologue of FEF, from neuro-
imaging data (for example, [13]) is located
at the junction of the superior frontal
sulcus and precentral sulcus (areas 6/8).
(C) Schematic of the paradigm used by
Grosbras and Paus [1]. A trial began with
fixation, followed by a visual target that
was present on 75% of trials. The target
could appear at any position on the clock-
face, except for the 6 and 12 o’clock posi-
tions. The target was then masked and
subjects had to indicate with a key press
whether a target was present or absent.
On TMS trials, a single pulse of TMS was
applied 40 ms before the onset of the
detection array. 
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neglect [9] has established the primary visual cortex,
V1, and the posterior parietal cortex as primary candi-
dates for this role. The claim  made by Grosbras and
Paus [1] has some support, however, and their data
may motivate a reassessment of FEF. Lesions of FEF in
monkeys, for example, produce visual sensory neglect
[10], but work on patients with discrete FEF lesions has
tended to focus on oculomotor deficits [11], with
sensory impairments being reported only secondarily. 
This new study [1] and other work using TMS [12]
have both shown that the FEF shares the same pattern
of right hemisphere visuospatial dominance as poste-
rior parietal cortex. These various strands of evidence
suggest that FEF may be as strong a candidate to con-
tribute to visual awareness as the posterior parietal
cortex. The relatively untested nature of this hypothesis
may be an historical accident, born out of an emphasis
on the oculomotor functions of FEF. Whatever the
import of the current study for awareness, further work
on FEF is important to delineate the distinctive contri-
butions of FEF and PPC to visual perception.
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